fills 9 prescriptions annually. This number is even higher among adults over 65 years of age, who fill an average of 20 prescriptions a year. 4 Low literacy may be an overlooked contributing factor to patient misuse of prescription medications. The Institute of Medicine's recent report, A Prescription to End Confusion, indicates that 90 million adults in the United States have trouble understanding and acting on health care information. 5 Shame may prevent individuals with limited literacy from telling providers they need help with medication instructions. 6 The recently released National Assessment of Adult Literacy (NAAL), the most accurate measurement of literacy in America today, found that adults who are socioeconomically disadvantaged belong to racial/ethnic minority groups, and/or are elderly are disproportionately hindered by such literacy barriers.7 These individuals are also more likely to be in poorer health and may be taking multiple medications.
The purpose of this descriptive study was to identify factors associated with patient understanding of prescription drug warning labels (PWLs). We hypothesized that low literacy would be associated with incorrect interpretations of PWLs.
METHODS Subjects
Study participants were patients aged 18 and older attending the Primary Care Clinic {PCC) at Louisiana State University Health Sciences Center--Shreveport (LSUHSC) during July 2003. Patients were ineligible if they had severe visual or hearing impairments, were too ill to participate, or were non-English speaking. The LSUHSC Institutional Review Board approved the study and all patients gave informed consent for participation. A total of 276 patients were approached before the medical encounter, and 273 consented to participation. Twenty-two patients were excluded based on selfreported impairments with hearing (n----5) or vision (n=12), English as a second language (n=3), or incomplete information (n=2). A total of 251 patients participated in the study.
Structured Interview and Literacy Assessment
Interviews with community pharmacists [N=9) and primary care physicians (N=5) were conducted to identify the most important PWLs for patients to understand. Through consensus, 8 PWLs were identified for study inclusion; all were developed by the most commonly used pharmaceutical labeling software package, s A trained research assistant (RA) administered a structured interview that included self-report of sociodemographic 
Lexile Score
We used a measure of reading difficulty termed [,exile Framework to gauge reading level for the text on each PWL. 12-15 Lexile scores are based on sentence length and word frequency in the popular literature, with higher values indicating higher levels of reading difficulty. The possible range of these scores is from below 0 (representing a beginning reading level) to 2000. A program available to registered users over the internet, called the Lexile Analyzer, calculated the Lexile score for each warning label textJ 2 These values can be easily translated to corresponding reading grade levels. For instance, a Lexile value of 300 corresponds to a 2nd-grade level of reading difficulty, 400 to 3rd grade, and 1,300 to a 12th-grade level.
Analysis Plan
All statistical analyses were performed using STATA, version 8.0 (College Station, TX). Descriptive statistics were calculated for each variable. Chi-square or ANOVA tests were used to evaluate the association between literacy, sociodemographic characteristics, and correct interpretation of each of the 8 PWLs. In multivariate analyses, the 8 binary repeated responses per subject were modeled using a generalized linear model with logit link. A generalized estimating equation (GEE) approach was used to adjust model coefficients and standard 16 17 errors for within-patient correlation.
• The Final multivariate model included potential confounding variables age, gender, race/ettmicity, number of medications currently taken, and the additional risk factor of Lexile score. Patient literacy was classified either as low (6th grade and below), marginal (7th to 8th grade), or functional (9th grade and higher). Patient age was categorized by tertiles (<45, 45 to 64, _>65), and Lexile score by quartiles (2 labels per category; < 3rd grade, 4th to 5th grade, 6th to 7th grade, and _> 8th grade).
RESULTS
Among the 251 respondents, 70.9% were female and 66.1% African American. Patients ranged in age from 18 to 86, with a mean age of 47.2 years (S.D. =14.9). Patient literacy was limited; 29.5% were reading at or below a 6th-grade level (low literacy) and 31.1% were reading at the 7th to 8th grade level (marginal literacy). Forty-two percent of patients reported that they did not graduate from high school or receive a graduate equivalency diploma (GED).
Respondents were taking an average of 3 prescription medications, and nearly two-thirds (64.5o/0) lacked insurance for prescription medications. Low literacy was associated with male gender (P< .05), African-American race (P< .001), and less education (P<.001) ( Table 1) . No significant differences were reported between literacy level and age or source of payment for medications.
Lexile scores for each PWL were calculated and are listed in Table 2 . Correct interpretation of the warning labels varied according to reading difficulty and complexity, with correct interpretation rates ranging from 83.7% for the simplest label (Take with Food, Lexile =beginning reading) to 7.6% for a label with multistep instructions (Do not take dairy products, antacids, or iron preparations within 1 hour of this medication, Lexile = 1,110). Patients with low literacy skills were less able to correctly interpret the meaning of 7 of the 8 warning labels, with the exception of the most basic single-step instruction, Take with food (Table 2) . Patients who were 65 years of age and older were less able to correctly interpret the PWL, Do not drink alcoholic beverages when taking this medication (P<.05).
No statistically significant differences in rates of correct interpretation of PWL were noted by number of prescription medications currently taken by patients. Verbatim examples of the most common incorrect interpretations for each of the PWLs by patients are detailed in Table 3 . Multivariate analyses identified low literacy as a significant i n d e p e n d e n t predictor of incorrect interpretation of warning labels (adjusted odds ratio [AOR] 3.4, 95% CI 2.3 to 4.9). Other factors associated with incorrect interpretation of PWLs included older age (65 a n d older), higher Lexile score (6th-grade reading difficulty a n d above), a n d male gender (Table 4} , No interactions between literacy, Lexile score, age, n u m b e r of medications taken, a n d race were significant.
D I S C U S S I O N
This is the first study to our knowledge to evaluate the relationship between patient literacy skills a n d correct 
OR, odds ratio; CI, confidence interval; AOR, adjusted odds ratio.
interpretation of warning labels routinely used with prescription medications. Low literacy was significantly associated with more than a 3 times greater likelihood of incorrect interpretation of PWLs. Our findings indicate that these warning labels are not likely to be useful to patients in their current form, especially those with low literacy skills, and could result in misuse of medications (e.g., the text message: Do not chew or crush, swallow whole vs the patient interpretation of Chew pill and crush before swallowing). The Lexile score (reading difficulty) attributed to each PWL was also a significant independent predictor of patient comprehension. Labels with text written at the 6th-to 7th-grade level were 4.3 times more likely to be interpreted incorrectly, and PWLs that had text written at the 8th-grade level and above were 12.9 times more likely to be interpreted incorrectly compared with PWLs that had text written at the 3rd-grade level or below. These findings suggest that existing recommendations by health educators that patient information materials be written below an 8th-grade level should be revised. 18-2° Instead, a more appropriate goal for health information in print might be a Lexile score below a 6th-grade level.
Most patients in our study were able to understand simple, routine tasks using uncomplicated words, such as the label, Take with food. However, the single-step label, For external use only, was written at a lst-grade level and yet proved difficult for many patients, especially those with low literacy skills. Possibly this was due to the fact that this PWL does not clearly state a specific action to be taken and uses unfamiliar wording or concepts. Over half of low literate patients could not properly interpret moderately complicated messages such as Do not drink alcoholic beverages when taking this medication (written at a 7th-to 8th-grade level), and people across all literacy levels found it challenging to fully comprehend unfamiliar and complex, multistep health instructions written at a high school level (e.g., Do not take dairy products, antacids, or iron preparations within I hour of this medication).
The awareness of the impact of low literacy on health and health care has led to increased attention to "health literacy." Health literacy is defined as the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions. 5 The IOM Patient Safety Report (2000), To Err is Human, stresses that health literacy is an essential aspect of addressing patient safety and is fundamental to quality care. 1 The 2004 IOM Report on Health Literacy and recent literature note a growing discordance among individual reading skills and the increasingly complex demands of the health care system, particularly the demands on patients and families in managing chronic diseases, s'21'22 Low literacy has been strongly linked to higher rates of hospitalization and use of emergency services, 2a'24 poorer understanding of one's medical condition, 25'26 poorer adherence to medical instructions, 27'28 and worse health outcomes. 21'29 In our study, low literacy is related to limited understanding and misinterpretation of warning labels, and therefore may be a factor in unintentional nonadherence and therapeutic failure. Incomplete understanding of labels may be an unrecognized contributor to the estimated 2% to 11% of hospital admissions in the United States caused by misuse of prescription medications. 3°
The elderly may be especially vulnerable to misunderstanding of prescription labels and instructions. Our finding that adults over 65 were less likely to interpret PWLs correctly is supported by previous studies that examined comprehension of medication instruction labels. 31-34 The elderly comprise an increasingly larger portion of the population and consume 2 to 3 times more medication than the general public. They are also more likely to have lower literacy skills. 7 Study limitations should be noted. First, participation was limited to patients proficient in the English language. However, 2 of 3 prescription medication warning labels currently used by the majority of pharmacies in the United States are only available in English. s Second, patients were sampled from a public hospital, which may limit the generalizability of findings. However, patients in the sample reflect a group disproportionately affected by poor health outcomes, and whose health and health care is targeted for improvement by Healthy People 2010. a~ Finally, sample size may have limited the ability to detect significant and clinically meaningful relationships in the multivariate analyses.
The Food and Drug Administration (FDA), the American Pharmaceutical Association (APA), the American Society of Health-System Pharmacists (ASHSP), and the National Association of Boards of Pharmacy (NABP) are increasingly directing attention to the quality of drug labels and accompanying patient educational handouts. 36-42 All of these organizations agree that for the information to be useful for the consumer, it must be read and understood before it can be acted upon. However, evidence-based evaluation of these goals is limited. 4a- 45 Our findings suggest that there is a need for improving prescription drug warning labels. The U.S. Food and Drug Administration (FDA) has supported the development of useful consumer information and established standard guidelines for over-the-counter medication. Similar standards are needed for PWLs. The development process for warning labels needs to involve consumers, especially those with low literacy, and take advantage of tools such as the Lexile Framework and knowledge gained through patient education literature to produce warning labels that convey information that all patients can understand.
